Patients affected by VI cranial nerve palsy were required to orient their attention in monocular vision and to detect a stimulus appearing either in attended or in unattended locations. Results showed that while during non-paretic eye vision stimulus detection in the attended location was faster than that in the unattended one, during paretic eye vision no difference in detection speed was present. However, in this latter condition, detection speed in both attended and unattended locations were as fast as that measured during nonparetic eye vision in attended location. Demonstration that peripheral oculomotor impairment in¯uences monocular covert orienting of visuospatial attention strongly support the idea that visuospatial attention and oculomotor mechanisms share similar cortical networks.
INTRODUCTION
The term visuospatial attention de®nes the enhancement in the detection of visual stimuli appearing in a given spatial position induced by the automatic (stimulus generated) or voluntary (internally generated) orienting of attention toward that particular position. Behaviorally relevant stimuli can be attended to in the presence (overt visual orienting) or in the absence (covert visual orienting) of exploratory saccadic eye movements. Experimental evidence from brain imaging [1±3], behavioral [4±6], neurophysiological [7] and neurological [8, 9] studies suggests that covert orienting of spatial attention and planning eye movements are strictly linked both at the functional and anatomical levels. The existence of such a link was ®rstly predicted by the premotor theory of attention [10, 11] claiming that orienting of attention toward a spatial location is a consequence of an eye movement preparation toward that location. According to this theory, movement preparation determines an enhancement in the detection of stimuli presented in the location target of the prepared saccade, even if the movement is not subsequently executed.
The aim of the present work was to investigate if a peripheral oculomotor lesion, that determines the impossibility to normally execute an eye movement, affects also the possibility to voluntarily orient attention in a task in which no eye movements are allowed. To this purpose, patients with rectus lateralis (abducens) oculomotor muscle palsy and with normal visual acuity, were selected and submitted to a spatial attention orienting task. During the experiment, they were required to ®xate a central point on a computer screen and to covertly orient their attention towards one of two peripheral boxes, according to a central cue. The cue indicated the ensuing appearance of a target within a given box with 70% of probability of occurrence. Subjects had to respond to stimulus appearance as soon as possible by pressing a switch with their right hand. No eye movements were allowed during the experiment. Due to lesion lateralization, participants were asked to perform the experiment in monocular vision, both with the paretic and the non-paretic eye. The driving hypothesis was that, if a peripheral oculomotor lesion affects eye movements execution, the altered efferent copy and/or the altered reafferent signals from the plegic eye should in¯uence the oculomotor function. If the involvement of the oculomotor system during visuospatial attentional tasks (suggested by the above mentioned studies) is not a mere epiphenomenon and re¯ects the existence of a true causal relationship, one should expect that any pathological modi®cation in oculomotor ability should be paralleled by a modi®cation in the ability to orient visuospatial attention.
MATERIALS AND METHODS
Patients included in the study (four males and four females; age range, 62±80 years) were all affected by pure peripheral VI nerve palsy, secondary to focal ischemia affecting the troncular part of the nerve on a microvascular basis. Four patients were affected by left VI nerve palsy, the others by right VI nerve palsy. To investigate the impairment of ocular motility, all cases underwent a complete evaluation including Cover tests and Hess screen test. Patients' complaints consisted of acute horizontal, binocular dyplopia in the absence of other neurological signs. All the patients participated in the present experiment within the ®rst 15 days after the onset of dyplopia. Systemic diseases associated with palsy were diabetes and hypertension. To be included in the study, however, no diabetic or hypertensive retinopathy had to be detected on funduscopic examination. All included patients were characterized by dyplopia affecting the lateral position of gaze with unilateral eye movements limitation. The micro-vascular, peripheral aetiology of palsies was successively con®rmed by the spontaneous recovery of ocular motility found during follow-up visits. Such recovery usually occurred 3±6 months after the onset of symptoms.
A group of normal participants, each of them matched for age, educational level, and global state of health with each of the selected patients, was submitted to the experiment in order to assess the normal standard performance during the task.
All the participants were right handed, had normal or corrected to normal vision, and were naives to the purpose of the experiment. All of them gave their informed consent to participate to the experiment. The experimental procedure was approved by the local Ethical Committee.
The experiment took place in a sound-attenuated room, dimly illuminated by a halogen lamp. Stimulus generation and response recording were performed with a personal computer by using specially designed software. Participants sat in a comfortable armchair in a relaxed position with their head laid on a headrest. The distance between the eyes and the screen was adjusted to 57 cm. The experimental paradigm was a modi®cation of that originally proposed by Posner [12] . The stimulus display ( Fig. 1d ) could appear. The cue for directing attention was a thin and short (0.58) line attached to the central box (Fig. 1b) . The direction of the line indicated in which of the two circles the visual imperative stimulus was most likely to appear. The response was given by pressing a switch held in the participant's right hand, positioned at the center of their body.
A trial began with the presentation of the ®xation square and the two circles. After an interval of 1000 ms the cue was presented for 300 ms. After a variable interval of 1000±2000 ms from cue disappearance, the imperative stimulus was presented and lasted until the response. The imperative stimulus occurred in the circle signaled by the cue in 70% of the cases (valid trials) whereas it appeared in the other in the remaining 30% of the cases (invalid trials).
The experiment was performed in monocular vision by occluding one eye with an eye patch. Each participant was submitted to two sessions. One session was performed with the right eye, the other session with the left one. The order of the two sessions was balanced among participants by keeping into account the lesion side. Participants were instructed to ®xate the central square, to direct attention to the cued circle without breaking ®xation and to press the switch with their right hand as soon as possible at the appearance of the imperative stimulus. During the tasks, participant ®xation was video-controlled by an experimenter.
Two types of error, anticipations and retardations, were controlled on line. Anticipations were de®ned as reaction times , 130 ms. Retardations were considered reaction times . 1500 ms. All trials with errors or breaks in ®xation were repeated.
Each of the two experimental sessions comprised 100 randomized trials subdivided into 70 valid trials and 30 invalid trials. The imperative stimulus appeared an equal number of times in the left and in the right circle. Before the experiment, patients were fully informed about the relevant cueing procedure and were submitted to 30 practice trials.
For both patients and normals groups, standardized mean reaction times for each participant were calculated. Figure 2 shows standardized mean reaction times recorded from patients and normal individuals in response to the attended (V) and the unattended (I) location. Patient data for paretic and non-paretic eye performance and normal data for right and left eye performance are shown.
RESULTS
An ANOVA was performed on patients standardized mean reaction times, to compare paretic and non-paretic eye performance. Three within-subjects factors, eye (paretic, non-paretic), stimulus side (ipsilateral, contralateral to the watching eye) and trial validity (valid, invalid trials), were considered. Pairwise comparisons (Newman±Keuls test; signi®cance level, p , 0.05) were conducted whenever appropriate.
The main effect of trial validity (F(1,7) 19.2, p , 0.001) and the two-way interaction eye 3 trial validity (F(1,7) 8.43, p , 0.001) were signi®cant.
Pairwise comparison revealed that, for the non-paretic eye, valid trials reaction times (mean À0.25) were signi®-cantly faster than invalid trials reaction times (mean, 0.67), indicating the presence of a validity effect determined by the orienting of attention according to the cue presented before the appearance of the imperative stimulus.
Note that the presence of validity effect during nonparetic eye performance ensures that participants had correctly understood instructions about orienting of attention. As far as the paretic eye is concerned, valid trial reaction times (mean À0.17) did not differ from invalid trial reaction times (mean À0.24), indicating the absence of an effect of the presentation of the cue. Moreover, the paretic eye's valid and invalid trials reaction times did not differ from the non-paretic eye's valid trials reaction times and were signi®cantly faster than the non-paretic eye's invalid trials reaction times.
Another ANOVA was performed on standardized mean reaction times for normal right and left eye performance, in order to assess whether monocular vision has some in¯uence on orienting of attention. The within-subjects factors eye (right, left), stimulus side (ipsilateral, contralateral to the watching eye) and trial validity (valid, invalid trials), were considered. Only the main effect of trial validity (F(1,7) 17.83, p , 0.001) was signi®cant, indicating that valid trials reaction times (right eye mean value À0.26; left eye À0.53) were signi®cantly faster than invalid trials reaction times (right eye mean value 0.37; left eye 0.42) independent of the watching eye.
DISCUSSION
The present data indicate that patients affected by peripheral oculomotor palsy show dissociation in their performance during a monocular visuospatial attention orienting task. Results strongly depended on the performing eye: there was a validity effect (reaction times faster for valid trials than for invalid trials) when the watching eye is the non-paretic one, and no validity effect when the watching eye is the paretic one. Second relevant result is that reaction times relative to both valid and invalid trials during paretic eye performance, are statistically faster than non-paretic eye invalid trials reaction times and do not differ from non-paretic eye valid trials reaction times.
There are at least two possible interpretations of these results. According to the ®rst interpretation, the absence of a validity effect during paretic eye performance may be due to the absence of voluntary orienting of attention. Note, however, that the expected reaction times for both valid and invalid trials should have been slower than reaction times measured during valid trials performed with the non-paretic eye. This was not the case. A possibility is that, due to task simplicity, the validity effect observed during non-paretic eye performance re¯ects only the cost paid in reorienting attention in invalid trials and not the bene®t due to the appearance of the imperative stimulus in the attended location. When the task is performed with the paretic eye, no costs are paid because attention was not allocated according to the cue and therefore no differences between valid and invalid reaction times are observed. An alternative interpretation is that voluntary attention can be indeed allocated during the performances of both paretic and non-paretic eye. If this is the case, one should consider the possibility that, in invalid trials, the presence of the oculomotor de®cit may favour the reorienting of attention from the attended location to the unattended one. This effect could be the consequence of a functional prevalence of an automatic attention orienting capture determined by a stimulus suddenly presented in the visual ®eld and due to the fact that the oculomotor system is`aware' of its pathological state. Thus, according to this interpretation, the paretic eye pays no costs in reallocating attention. Although it would be possible to go in depth in discriminating experimentally between the various interpretations, this is out of the main aim of the present study. Indeed, independently from the interpretation given to the results, and independently from the neurophysiological mechanisms underlying patients' performance, it appears from our data that orienting of attention is strongly in¯u-enced by the functional state of the oculomotor system. It is well known that cortical and sub-cortical lesions involving the oculomotor system may determine attentional de®cits [8, 9] . However, due to the fact that, in general, brain lesion do not respect cytoarchitectonic borders, one cannot exclude that these attentional de®cits could be the consequence of an involvement of`attentional' centers together with oculomotor ones. Our data rule out this possibility by demonstrating that also a pathological state involving the more peripheral levels of the oculomotor system can determine speci®c effect on visuospatial attention allocation.
The existence of a link between oculomotion and attention was recently supported by several experimental evidence. In a PET study, Nobre and co-workers [1] showed that during covert shift of attention, oculomotor frontal eye ®elds (FEF) and parietal areas LIP and 7a (that in monkeys have been linked to visuospatial attention and oculomotor functions) became active. Corbetta and co-workers [2] , using fMRI, further investigated the degree of overlap of the attentional and oculomotor systems. Their results showed that a common network of parietal, frontal, and temporal cortices was activated during oculomotor and attentional tasks. In a recent fMRI study, Nobre and coworkers [3] reached similar results by showing that shifting spatial attention covertly and moving the eyes repetitively toward visual targets activated highly overlapping neural systems. In addition to brain imaging studies, a series of behavioral experiments was performed to investigate the link between orienting of attention and saccade execution [4±6] . Subjects were required to covertly allocate attention to different spatial locations and to respond to the appearance of the visual stimulus by executing a vertical or a horizontal saccade toward a predetermined target. The results further indicated an involvement of the oculomotor system in orienting of attention by showing a saccades deviation contralateral to the hemi®eld to which attention was allocated. In a recent electrophysiological experiment in monkeys, Moore and Fallah [7] provided experimental evidence of a direct effect of oculomotor signaling on the allocation of attention. Their results showed that microstimulation under-threshold for movement of a previously identi®ed FEF saccade evoking site signi®cantly improved monkey's attentional performance when the object to be attended was positioned in the location of visual space target for that saccade.
CONCLUSION
The present data indicate that patients affected by VI cranial nerve palsy, submitted to a visuospatial attention orienting task in monocular vision, perform differently depending on the watching eye. When the watching eye is the non-paretic one, the presence of a validity effect re¯ects the ability to process the cue and to covertly orient attention towards the most probable location. On the contrary, when the watching eye is the paretic one, the absence of a validity effect together with an unexpected improvement in invalid stimuli processing, indicate that the presence of a peripheral oculomotor lesion in¯uence attention allocation. These results are against the traditional view that considers visuospatial attention controlled by one or more supramodal speci®cally devoted systems [13] . Rather, they strength the idea that visuospatial attention arises from the activation of the pragmatic centers involved in oculomotion. The oculomotor activation coincident with attention allocation, being far from be a mere epiphenomenon, could therefore re¯ect a volitional attempt to enhance perception by backward activating the circuits normally involved in sensorimotor transformation for eye movements towards visual stimuli.
